Abstract-Soybean
to heat treatment of three soybean cultivars Vmax (conventional), and BR 257, 267 (human consumption).
II. MATERIAL AND METHODS

A. Material
The grains of the soybean Vmax, BRS 257 and BRS 267 cultivars were received from Embrapa (soybean season 2012/2013), cultivated in Passo Fundo -Rio Grande do Sul State, Brazil (Latitude 28°15ꞌ40ꞌꞌ). For the evaluation, grains were divided into two types of samples: with tegument (WT) and without tegument (WIT) which were mechanical dehulled ("Maqsoy®" machine).
BRS 267 and Vmax cultivars contain the enzyme lipoxygenases (LOX) in their composition and because of that according to Ref. [14] , grain samples of these cultivars were submitted to thermal treatment (water bath at 98°C for 5min). After heat treatment, grains were dried at 40°C in air circulating oven (Marconi®), as recommended by Ref. [15] for 24h to constant weight. The cultivar BRS 257, which is null for lipoxygenases [16] , was not submitted to the heat treatment.
B. Characterization
Moisture was determined by the gravimetric method, in a drying chamber (Nova Ética) at 105°C for about 4h to constant weight. The values of the grain moisture were standardize in 8.45% (dried extract of 91.55), for analyses of proteins, lipids and ashes. Proteins were determined by Kjeldahl method. Lipids were determined by the Soxhlet method, and ashes were obtained by gravimetric method, after calcination in a muffle oven (Quimis), at 550°C for 6h. All the analyses were performed according to the methods in Ref. [17] and results were expressed in g.100g -1 at dry basis. Extraction of metals P, K, Ca, Mg, Zn, Mn, Fe and Cu was performed by the wet digestion method in microwave oven, followed by analytical determination in ICP-OES (Inductively Coupled Plasma -Atomic Emission Spectrometry) [18] , [19] . Results were expressed in g.Kg -1 wet basis. The NSI was determined according to the method described in Ref. [20] . A sample of 5g was diluted in 200mL of distilled water, and mixed at 120rpm for 2h. Flasks were put in an incubator bath (Nova Ética®) at 30°C. After this period, the supernatant was centrifuged (centrifuge MPW® model 351R), for 10min at 1500rpm, and the filtrate was separated for determination of soluble protein by the official method [17] . The result was expressed in percentage (%).
The PDI was determined according to the method described in Ref. [21] . Samples of 10g were diluted in 250mL distilled water, and mixed with a homogenizer (model IKA T18 Basic Ultra-Turrax), at 8500rpm for 10 min. The supernatant was centrifuged (centrifuge MPW® model 351R) for 10 min at 2700rpm, and the filtrate was separated for determination of disperse protein by the official method [17] . The results were expressed in percentage (%).
The isoflavone content of the soybean grains "in nature" (non heat treated-NHT) and heat treated (HT) was performed according to the methodology of Ref. [22] , and the sample extraction were carried out according to Ref. [23] . The separation and quantification of isoflavone was performed by high performance liquid chromatography (HPLC), in a Waters liquid chromatograph, equipped with photodiode array detector, model PDA 996. Elution and separation of isoflavones was performed on an ODS C18 YMC-Pack ODS-AM reverse phase column, with particles of 5μm, 4.6mm diameter and 250mm length, by linear gradient system. The initial condition consisted of 20% eluent A (methanol acidified with 0.025% trifluoroacetic acid) and 80% eluent B (ultrapure water acidified with 0.025% trifluoroacetic acid), with constant inversion until achieve 90% of eluent A and 10% eluent B after 35min. For the column cleanup, it was applied 100% of eluent A for 5 min, followed by inversion to initial conditions and a 20min column re-equilibration before the next injection. The total analysis time was 60min per injection, and solvent flow was maintained in 1 mL.min-1. HPLC grade reagents were used in all steps. The quantification was performed by external standard calibration curves, using Sigma brand standards with known concentrations. Results are presented in dry defatted basis.
The Kunitz trypsin inhibitor was determined by the methodology described in Ref. [24] . The method is based on the level of inibition of the trypsin and in the hydrolyze of the substrate benzoil-DL-arginine-4-nitroanilide hydrochloride (BAPA). The results were expressed in mg of trypsin inhibitor (TI).100g -1 of dry mass.
Determination of presence of the lipoxygenase isoenzymes was made by colorimetric test according to Ref. [25] , which is based on the bleaching activity of the isoenzymes LOX on the linoleic acid substrate [26] and co-oxidation with methylene blue (LOX-1 e LOX-2) and β-carotene (LOX-3). The green color represents absence of the three isoenzymes.
All the experiments and chemical determinations were realized in triplicates, and the results submitted to the analysis of variance (ANOVA). Means were compared by Tukey test at 95% level of confidence by the Software Statistics 8.0.
III. RESULTS AND DISCUSSION
Results of ashes, lipids and proteins in the HT and NHT grains are presented in Table I .
Soybean grains did not present differences for ash contents between the same cultivar with WT and WIT tegument and between the treatments HT and NHT. The average content for ashes of all the samples was 4.89 g.100g -1 . These results are similar to those obtained by Ref. [27] , whose values were 5.11 g. Where: HT= grain with heat treatment; NHT = grain with non heat treatment; WT = with tegument; WIT= without tegument; nd = not determined.
In the BRS 267 and Vmax cultivars submitted to heat the analyses for ashes and lipids were not determined, because the aim was only the LOX inactivation.
Analyzing grains NHT with WT and WIT, it was observed that BRS 267 cultivar was significantly different presenting high content of protein, 38.77 g.100g Grains WIT presented higher protein content than the grains WT. This is because the greatest portion of protein (60-70% of the total seed protein) be storage as protein bodies in the cotyledons [29] .
With HT, BRS 267 and Vmax cultivars presented relatively higher content of proteins. In BRS 267 (HT), protein was 41. 47 g.100g -1 and 45.45 g.100g -1 in grains (WT and WIT). These results corroborate with others studies. Ref. [5] also observed that with grains cooking there was an increased in protein content. Ref. [30] , evaluating the effect of domestic processing of five common bean cultivars, observed that beans cooked in the soaking water presented more protein than the raw grains. Ref. [14] , considered that heat treatment allow better conditions for extraction of proteins, increasing protein content of the products.
Results for mineral composition of soybean grains, in wet base, are presented in Table II and Table III . It was observed that for the micronutrients (Fe, Cu, Mn and Zn) did not present significant differences (p<0.05) for the BRS 267 and Vmax cultivars, except of Mn for cultivar BRS 257 (Table II) .
For macronutrients (Ca, K, Mg and P), BRS 257 cultivar presented the higher content for Mg, in relation to the other cultivars. Among the cultivars, K was the mineral that presented the highest amount (19.66 g.Kg -1 ), which was also observed by Ref. [31] , [32] .
In general, grains of the analyzed cultivars showed mineral content within the range observed in the literature [5] - [33] . For grains WT and WIT (Table III) , only Fe presented a significant difference (p<0.05). Grains WIT presented 34.21% less of Fe than grains WT, which was also observed by Ref. [34] .
In Table IV are presented results of the NSI and PDI, for the three soybean cultivars submitted to thermal treatments.
The PDI observed in grains (WT and WIT) of the three cultivars with NHT were not significant different, with an average of 82.55% and 87.45%, respectively. However, BRS 267 and Vmax cultivars (NHT and HT), were significant different for the comparison of grains WT and WIT. Grains (WT) presented higher PDI, because of the seed integrity; presence of the tegument may protect protein.
Nitrogen Solubility Index was 68.01% higher in Vmax cultivar (NHT, WIT), significantly different of the others. The NSI of BRS 257 NHT and BRS 267 NHT, (WT and WIT) not presented differences, with average values of 62.94% and 62.10%, respectively. Ref. [35] , comparing the NSI and PDI of cultivars for human consumption without heat processing, reported that BRS 257 presented PDI of 50.07% and NSI of 78.04%, and BRS 267 cultivar presented 75.71% of PDI and 74.25% of NSI. These values are close to those found in this work. The authors emphasize that, since these cultivars present PDI higher than 70%, they could be used for meat products, sauces and soups.
The heat treatment significantly reduced the PDI and the NSI of the grains of BRS 267 and Vmax cultivars (Table IV) . It was observed that grains WIT submitted to heat treatment (HT) showed greater reduction of these indexes. This tendency was similar for both cultivars that presented 28.55% of PDI of and 17.81% of NSI. Similar results were found in Ref. [36] , that studied the effect of heat treatment (95 °C for 15 min) in soymilk and observed a reduction of NSI from 90.57% to 25.31%, because of protein denaturation.
In general, the protein solubility decreased due to denaturation of soybean proteins. Normally, the protein solubility increase with temperature from 0º C to 40º C. The majority of protein tends to denature in temperatures higher than this, causing losses in protein solubility. The thermal denaturation could change the protein solubility, due the increase of the hydrophobic groups in its surface [37] .
The NSI and PDI are used as a practical measure to determine functionality of the protein. Soybean cultivars that present high values of NSI and PDI are recommended for develop different soy food products [38] . However, products with low values of NSI and PDI can still be functional, because of good water and lipid absorption, which are the properties necessary for the stability of the meat products [39] .
In relation to the content of the isoflavones (Table V) the highest values were observed in grains WT. Studies performer by Ref. [40] , utilizing grains by manual dehulled, which not allowed contamination with other parts of the grain, thus is observed that the soybean tegument not present isoflavones. However, in this work, grains were mechanically dehulled and because of that could occur possible losses of the hypocotyls and cotyledons, reducing the content of these compounds in samples WIT (Table V) . Those parts of the grains, mainly the hypocotyls presented the higher content of isoflavones, as reported in Ref. [41] .
Isoflavones are composed of the aglycone forms (genistein, glycitein and daidzein), which do not have the glucose molecule linked to the main chain; the glucosidic forms (daidzin, glycitin and genistin), which have the linked glucose molecule; and its derivatives malonyl and acetyl forms [42] . The isoflavones are more easily absorbed as aglycones forms, which are readily bioavailable. The glucosidic forms are intact absorbed, and because of that need an initial hydrolyze of the sugar, to be transported by the peripheral circulation. This means that glucosidics will be converted to the aglycone forms (daidzein and genistein) which are the biological active forms [43] .
The isoflavone content was significant different for all cultivars, which is due to genetic variability as already observed [44] . Vmax cultivar NHT (WT), presented the highest total content (157.72 mg.100g -1 of deffated sample) of glucosidic forms, and BRS 267 NHT (WT) showed the smallest content (68.64 mg.100g -1 ). After the heat treatment (HT), cultivars showed a reduction in content of glucosidic and malonyl forms (Table V) . Studies have showed that depending on the type of soybean processing, occur changes in the profiles of glucosidic and molonyl isoflavones [14] - [46] .
Total aglycones (Table V) , increased when grains were submitted to heat treatment (HT). This was 3.51 times for BRS 267 cultivar (HT WT) and 2.34 times for Vmax cultivar (HT WT). Ref. [14] , [47] also reported, increasing content of isoflavone aglycones, after heat and milling process, which was explained by the cleavage of the glucosidics and malonyl forms in aglycones [48] .
Isoflavone content in soybean grains is affected by the genetic variability and environmental conditions. It has been observed that local average temperatures, during seed filling is determinant on formation of the isoflavones (Ref. [49] , [50] ). The total isoflavone content was
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©2015 International Journal of Food Engineering reduced from 13.14% for BRS 267 to 7.17% for Vmax, in heat-treated (HT) grains (Table V) . This was also observed by [5] - [14] . In general, isoflavones are not destroyed by heat, but are intra converted to different forms. Isoflavone losses can occur during cooking processing by leaching in the water cooking [46] - [51] . Where: HT = heat treatment; NHT = non heat treatment; WT = with tegument; WIT = without tegument.
In Table VI are presented results of the Kunitz trypsin inhibitor in soybean grains (WT and WIT) submitted to heat treatment. About 80% of the trypsin inhibitor activity in soybean grains is reduced by heat treatment. This anti nutritional factor acts in the intestinal gastric tract reducing availability of the amino acids, lowering nutritional value of this legume (Ref. [12] - [52] for BRS 257 and BRS 267, respectively. Other similar results were also found by Ref. [54] .
Comparing data of the cultivars (WT and WIT), nonheat treated, it is observed that when the tegument was taken out, there was a significant increase in the trypsin inhibitor content (Table VI) . According to Ref. [28] , this is because the trypsin inhibitors are located in the cotyledons of the soybean grains. Therefore, grains WIT can present more concentration of this compound.
The heat treatment in soybean grains promoted a significant reduction of the trypsin inhibitor. BRS 267 cultivar (WT and WIT), presented a reduction of 48.34% and 73.63%, respectively (Table VI) . For Vmax the reduction was of 58.70% and 70.86% for grains WT and WIT, respectively. The higher reduction in grains WIT, can be explained by the increasing of the superficial area of the grain after dehulled. This may expose greater area to heat treatment process, improving inactivation of the trypsin inhibitor. According to Ref. [55] , thermal inactivation of the inhibitor is variable and depends on different factors, such as temperature, time and type of heat, size of the particles, humidity, and chemical structure of the inhibitor. 
A. Isoenzyme Lipoxygenases (LOX)
The heat treatment process at 98°C for 5 min was efficient to eliminate the lipoxygenases present in BRS 267 and Vmax cultivars, as it can be observed in Fig. 1 . In the first row in the Fig. 1 , are the standard color for each cultivar NHT. BRS 257 cultivar do not present the three isoenzyme (lipoxygenases -LOX1, LOX2 and LOX3) and presented the green color. Vmax and BRS 267 are cultivars that present the isoenzyme lipoxygenases and present the yellow color). At the second and the third rows, are BRS 267 and Vmax cultivars that were HT, since all are green color this showed the efficiency of heat treatment for inactivation of the enzymes.
Ref. [5] , also verified inactivation of the lipoxygenase activity after cooking process at 121°C for 5min. Ref. [56] , reported that heat treatment for 90 s before cooking was effective to inactivate 99% of the lipoxygenase activiy. In studies performed by Ref. [57] , the authors verifiyed that in temperatures higher than 91°C, 99% of the LOX can be inactivated. Ref. [58] , sugested that inactivation of the LOX throughout thermal treatment improves flavor of the soybean grains, mainly beany flavor which is originated in association of carbonilic compounds of long chain with protein fraction, catalized 
IV. CONCLUSION
The studied physical chemical composition of the soybean grains were different among the cultivars. BRS 267 showed higher protein content than other cultivars, which is important factor to improve nutritional value. This cultivar, however, presented lower level of total isoflavones. Vmax cultivar presented the highest content of lipids, and should be utilized to process oily products for food and non food uses. This cultivar also presented the highest content of total isoflavones. BRS 257 showed an intermediate chemical composition, when comparing with other cultivars. Therefore this cultivar has the advantage of not need thermal inactivation of the LOXs.
Mineral composition was similar in all cultivars, where the K was the mineral in highest amount. Grains WT presented an amount of Fe superior to the grains WIT.
The heat treatment process promoted changes in the soybean grains, mainly by reducing protein solubility, due to protein denaturation. In grains WIT, protein denaturation was greater than in grains WT. Thermal treatment also promoted reduction of the glucosidic and malonyl isoflavones, but increased aglycones forms in all cultivars. Heat treatment was efficient to decrease about 70% of Kunitz trypsin inhibitor for grains WIT. It was also effective on inactivation of lipoxygenases (LOX) for BRS 267 and Vmax. Therefore, the heat treatment, although decreasing protein solubility, it is necessary for conventional soybeans, to improve flavor and to reduce anti nutritional factors. Null lipoxygenase cultivars, that do not need a drastic heat treatment, are important to process food products with better protein quality and improved flavor. Depending on the objective of soybean utilization, different cultivars and treatments should be applied. Genetic breeding to obtain soybean cultivars with special characters is important to process high quality soybean products.
